
Reducing Geological Risk
The EMerald Solution



ET & EM
Einstein Telescope & EMerald Geomodelling

• Introducing how to manage Geological risk and uncertainty
• Airborne Geoscanning – what is it?
• Bedrock surface – where is it?
• Identifying and volumetrically estimating soil types
• Identifying boundaries and weakness zones in bedrock
• Summary – benefits, opportunities and limitations

• ET – tell us your challenges



How to reduce risk?

Subsurface digital twin

Cover the whole project area

Show the (physical) properties of the 
material

Direct extraction of volumes



The missing link

Geotechnical drillings
Cost & Time
Coverage low

Airborne Geo-scanning
Coverage high & 3D
Complex



The tech behind EMerald

Project 
Consultant



EMerald Geomodelling in a nutshell



Integrated & dynamic ground model

DrillingsGeophysics Geomodel



Focus areas

Fundamentals Soil / Rock Soil types
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Figur 6: Oversikt over viktige geologiske overganger identifisert i geoskanningsdataene: A) 
Snitt gjennom resistivitetsmodellen langs tunneltraséen (lysblå) med et satellittbilde drapert 
over overflaten; B) Snitt gjennom resistivitetsmodellen uten satellittbilde; C) Tolkede overflater 
(A og B) og profilnummer i meter lang tunneltraséen. 

 

Tabell 3: Oppsummering av tolkning langs den planlagte tunneltraséen.  

Profilnr. start Profilnr. slutt Beskrivelse 
3800 4150 Bergart med høyere resistivitet eller skredmasser 
4150 5150 Bergart med lav resistivitet (skifer, breksje?)  
5150 5600 Manglende penetrasjon ned til tunnelhøyde, men resistivt 

berg over tunnelnivå og derfor ingen svakhetssoner påvist  
5600 6400 Manglende penetrasjon ned til tunnelhøyde, mulige 

svakhetssoner  
6400 7300 Manglende penetrasjon ned til tunnelhøyde, usikker 

tolkning 
7300 8200 Forstyrrelser av infrastruktur, ingen datadekning.  
8200 9400 Bergart med høy resistivitet, ingen svakhetssoner påvist 

 
 
 

Rock types



Helicopter Geo-scanning (AEM)
SkyTEM

Courtesy CRC LEME



What do we see?
§ Difference in resistivity for different Earth materials



How might this look like?

?



Real world complexity
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From real world complexity to 
model simplicity via

Clustering

Interface 
detection

Material 
classification



From the Scandes to the Andes

Norway
Zambia
Bhutan
Chile
India

Panama
Australia
Brazil
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Rock types



Geological heterogeneity Deep sediments
Shallower sediments
Outcropping rock 
Very deep sediments

Existing Boreholes

AEM



Project example –
Nye Veier E6 

Trøndelag

§ 3D resistivity model
§ Drilled to bedrock
§ Bedrock surface 

shaded by certainty



Practical potential

“We will save up to 30 percent
of the ground investigation costs”

Kari Charlotte 
Sellgren

Technical Lead 
Tunneling 

Nye VeierCosts

Time

Emissions



Indirect savings - 30% to $ 24.000.000,-

Courtesy A.K. Lund, NGI 2020



Model validation

100s boreholes versus 3 boreholes



Accuracy & Efficiency

Drillings per square km
Target

Accuracy
Drillings 

only
Combined 

method

60 % 3 – 8 0.3 – 0.4 

30 % 7 – 10 2 – 8 
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Triangulated boreholes

Integrated model



Bedrock model comparisons
Boreholes only

Integrated geo-scanning



Groundwater run-off model under tens of 
meters of cover
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Rock types



Differences in Sediment Resistivity



From shades 
of blue-green-

yellow 
to 

soil types



Unsupervised clay occurence



Geotechnical vs geophysical properties

Long et al. 2017





Borehole classifier









Quick clay mapping



Video demo : Brittle Clay and Resistivity
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Rock types



Rock properties
§ Alum shale

risk management

Limestone Shale

     
Alum 2-3a Hagaberg 3b Galgeberg 3b Huk 3c Elnes 4a 

0.13 / 0.025 Ωm 240 / 110 Ωm 0.54 / 0.25 Ωm 540 / 43 Ωm 84 / 44 Ωm 
 

     
Alum 2-3a Hagaberg 3b Galgeberg 3b Huk 3c Elnes 4a 

0.13 / 0.025 Ωm 240 / 110 Ωm 0.54 / 0.25 Ωm 540 / 43 Ωm 84 / 44 Ωm 
 

Limestone
(Huk)

Shale
(Alum)



Sulfidic rock hazard mapping

0

8

4

Geophysics

Lithology

Combined Output



Geological boundary
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4.1 Sørlig påhugg til 5150 m 

Det finnes resistive masser ved det sørlige tunnelpåhugget (3800m) (Figur 7). Massene 
kan enten være tykt skredmateriale eller en relativt resistiv bergart (konglomerat, 
sandstein, kalkstein). Uavhengig av materialets identitet er det en klar overgang til mer 
ledende materiale ved omtrent 4150 m (Overflate A) langs tunneltraseen.  
 
Fra 4150 m til 5150 m (Overflate B) krysser traseen mer ledende materiale. Basert på 
NGUs berggrunnskart kan denne enheten være enten skifer eller breksje, som begge 
kan ha relativt lav resistivitet (100-300 Ωm).  
 
Resistivitetsovergangen ved overflate B korrelerer veldig god med en 
bergartsovergang kartlagt i NGUs N250 berggrunnskart (Figur 7B). På terrengets 
overflate er det kartlagt "Konglomerat, sedimentær breksje" sør for overgangen, og 
"Ryolitt, ryodacitt, dacitt, keratofyr" nord for overgangen.  
 

 
Figur 7: Bergartsgrenser (overflate A og B) tolket nær det sørlige tunnelpåhugget visualisert 
sammen med et snitt gjennom resistivitetsmodellen og planlagt tunneltrasé med profilnummer 
(lysblå). Delfigur B) viser det samme som i A) men med NGUs N250 bergrunskart drapert over 
terrengoverflaten.   



“Extreme” tunnel pre-investigations



Weak vs 
Competent 
rock types



Indicated zone confirmed by coredrill



Weakness zones along tunnel alignment



Dry vs water saturated rock



Value Proposition

§ Rapid early phase overview
§ Quantified uncertainty
§ Dynamic ground model 

In situ Airborne

Price X * 1 000 000 $ X * 100 000 $

Acquisition Weeks to months Days to weeks

Reporting Static Dynamic



§ Couplings to infrastructure

§ Flight weather

Opportunities Limitations
§ Can fly almost everywhere

Powerlines

Major roads

Habited areas

Steep terrain

Dense forest

Snow cover

Water

Private land Heavy wind, fog



Fundamental challenge: 
Lack of contrast



Real world complexity -
(always has some contrasts ;-)
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Einstein Telescope – EMR Region



Einstein Telescope – Sardinia



Emerald-geomodelling.com


